Pentoxifylline (PF) is used to enhance motility of spermatozoa from infertile human subjects. We have previously shown that 0.45 mM PF improved capacitation of spermatozoa and fertilization of oocytes in vitro in hamsters. The present study was carried out to assess PF-induced changes in motility kinematics of hamster spermatozoa by a computer-aided sperm analyser (CASA) and determine the timing of onset of hyperactivation (HA) and acrosome reaction (AR) in PF-treated spermatozoa. Motility kinematics were analysed by CASA for 0-8 h in the absence or presence of 0.45 mM PF in Tyrode's medium supplemented with lactate, pyruvate and polyvinyl alcohol (TLP-PVA) or in TLP-PVA with bovine serum albumin (TALP-PVA). Conventional assessment was also made on the percentage of motility and quality of motility of spermatozoa; values were expressed as sperm motility index (SMI). Both in TALP-PVA and TLP-PVA, PF markedly increased SMI, especially the quality of motility (P Ͻ 0.02) by 2-3 h which was sustained up to 6 h. The motility kinematic data of PF-treated spermatozoa in TALP-PVA showed that average path velocity, curvilinear velocity and amplitude of lateral head displacement significantly (P Ͻ 0.05) increased as early as 2 h, with the expected decrease in straightness (STR) and linearity (LIN). Similar changes were also observed with PF-treated spermatozoa in TLP-PVA. Moreover, the percentage of hyperactivated spermatozoa in PF-treated samples was significantly (P Ͻ 0.001) higher than the untreated control at 2 h. To determine whether PF could induce AR, independent of bovine serum albumin, quantitative AR was assessed by observing the presence or absence of acrosomal cap on viable spermatozoa. PF significantly (P Ͻ 0.001) increased the percentage of AR as early as 2 h, reaching maximum at 4 h both in TALP-PVA (P Ͻ 0.05) and in TLP-PVA (P Ͻ 0.001). These results show that, in hamsters, PF induces early onset (by 2 h) of HA and AR and increases the proportion of spermatozoa undergoing physiological maturation.
Introduction
The ability of spermatozoa to undergo capacitation and acrosome reaction (AR) is considered as one of the most important events to achieve successful fertilization (Brucker and Lipford, 1995) . In-vitro fertilization (IVF) of human oocytes and pregnancy rates are critically dependent on sperm motility which can be enhanced by the addition of sperm motility stimulants such as pentoxifylline (PF) and progesterone (Kay et al., 1994; Tournaye et al., 1995; Aitken et al., 1996) . There is an increased interest in the use of such stimulants in assisted reproductive technology for the treatment of male factor infertility (Matson et al., 1995; Tournaye et al., 1995) . PF, a methylxanthine derivative, has been shown to enhance motility of human spermatozoa in vivo (Aparicio et al., 1980; Marrama et al., 1985) and in vitro (Yovich et al., 1990; Lewis et al., 1993; Yovich, 1993; Moohan et al., 1993) . Improved IVF rates have been reported using PF-treated spermatozoa from infertile males (Matson et al., 1995; Rizk et al., 1995; Tarlatzis et al., 1995; Aitken et al., 1996; Negri et al., 1996) . However, its application in the treatment of male factor infertility is questioned in view of its possible adverse effects on postfertilization development of embryos (Tournaye et al., 1995) . There is considerable debate on the use of this metabolic stimulant in assisted reproductive techniques (Matson et al., 1995; Tournaye et al., 1995) . Moreover, the mechanism of PF-induced physiological maturation of spermatozoa and the detailed analysis of its possible effects on early development remain to be investigated in detail in a suitable and relevant animal model.
Using golden hamsters, we showed that PF improved sperm capacitation and fertilization of oocytes in vitro (Rupasri et al., 1995) . Moreover, continued presence of 23 µM PF in culture medium improved 8-cell embryo development to viable blastocysts giving live births after embryo transfer (Seshagiri and Rupasri, 1996) . The influence of PF on sperm maturation and embryo development is dependent on its concentration (Rupasri et al., 1995; Seshagiri and Rupasri, 1996) . In our earlier studies (Rupasri et al., 1995) , we assessed the percentage motility and quality of motility by the conventional but well-standardized method which analyses a population of spermatozoa (Bavister and Andrews, 1988; Rupasri et al., 1995) . By this approach, the motility kinematics and the proportion of spermatozoa undergoing hyperactivation (HA) under the influence of PF could not be determined. Moreover, few details are known about motility kinematics of hamster spermatozoa (Girija Devi and Shivaji, 1994; Shivaji et al., 1995) .
In the present study, we assessed the motility kinematics of hamster spermatozoa treated without or with 0.45 mM PF (optimized concentration) by using computer-aided sperm analysis (CASA). Since CASA tracks individual spermatozoa and monitors the changes in their motility kinematics, we determined the profiles of various kinematic parameters and the timing of onset of HA. Moreover, whether PF would be able per se to induce acrosome reaction (AR) in spermatozoa is unknown. Therefore, we also determined PF-induced AR in spermatozoa of the golden hamster in the presence as well as in the absence of bovine serum albumin (BSA), a known AR inducer (Lui and Meizel, 1977; Yanagimachi, 1994) .
Materials and methods

Animals
Adult (4-6 month old) male golden hamsters (Mesocricetus auratus) were from the colony either in the Indian Institute of Science, Bangalore or in the Centre for Cellular and Molecular Biology, Hyderabad where CASA studies were carried out. Animals were housed under a 14:10 h light:dark schedule.
Culture medium
The medium used in this study was TLP-PVA, i.e. a modified Tyrode's solution containing sodium lactate (10 mM), pyruvate (0.2 mM), polyvinyl alcohol, PVA, (1 mg/ml) and PHE, i.e. penicillamine, hypotaurine and epinephrine (Bavister and Andrews, 1988; Rupasri et al., 1995) . When required, this medium was supplemented with BSA (3 mg/ml) and designated as TALP-PVA. All media components and PF were purchased from either HiMedia Company (Bombay, India) or Sigma Chemical Company (St. Louis, MO, USA). A stock solution of 360 mM PF was prepared in TL-PVA and stored at 4°C for not more than 2 weeks. On the day of the experiment, 0.45 mM concentration of PF was made in either TLP-PVA or TALP-PVA (Rupasri et al., 1995) . The medium used for experiments had an osmolality of 285-295 mOsmol/kg water and a pH of 7.4 after equilibration in 5% CO 2 in air at 37°C. For the collection and washing of epididymal tissues, TL-HEPES-PVA medium was used (Bavister and Andrews, 1988) . All media were sterilized prior to use by passing through 0.22 µm disposable filter units (Sartorius AG D-3400 Gottingen, Germany).
Preparation of cauda epididymal spermatozoa
Animals were killed by cervical dislocation, cauda epididymides were dissected out, cleared from adherent tissues and collected in a 35 mm Petri dish (Greiner GmbH, Frickenhausen, Germany) containing TL-HEPES-PVA. Cauda epididymal distal tubules were punctured by a sterile 26.5 gauge needle. Two µl of the released epididymal contents (~3-4ϫ10 6 spermatozoa/ml) were transferred to 35 mm Petri dishes containing 2 ml of equilibrated TALP-PVA or TLP-PVA medium without or with 0.45 mM PF. All dishes containing samples were incubated in a humidified atmosphere of 5% CO 2 in air at 37°C.
Sperm motility analysis
Sperm motility assay was carried out according to the standard procedure (Bavister and Andrews, 1988; Rupasri et al., 1995) . Sperm motility analysis was carried out by assessing the quantitative sperm motility (% motile spermatozoa) and the quality of motility by grading 0-5 on the basis of the motility patterns. Values were expressed as sperm motility index (SMI): % motilityϫ(quality) 2 .
For the sperm motility analysis by CASA, 50 µl of sperm suspension was placed into a siliconized glass slide chamber (130 µm depth), constructed with Parafilm (Saurez, 1988; Shivaji et al., 1995) and kept at 37°C. Sperm samples were analysed in an HTM-IVOS Version 10.6 CASA system (Hamilton Thorn Research Inc., Danvers, MA, USA) comprised of a stroboscopic optical system, 486 kB memory microprocessor, monitor and printer. The various conditions and parameters set for the motility analyser are summarized in Table I . The sperm count, percentage of motile spermatozoa and various motility kinetic parameters were assessed at intervals of 0, 2, 3, 4, 5, 6, 7 and 8 h. When using TLP-PVA for sperm motility assay, the various parameters were assessed only up to 6 h since sperm viability is poor after the 6 h time point. The scores given at the 0 h time point actually corresponded to~5 min of culture in various treatments. The motility kinematics assessed were: straight line velocity (VSL); average path velocity (VAP); curvilinear velocity (VCL); amplitude of lateral head displacement (ALH); beat cross frequency (BCF); straightness (STR) and linearity (LIN). For each time point, the data from 36-75 individual spermatozoa from each treatment were selected for calculating the mean values presented in Figures 3-4.
Assessment of hyperactivation
Non-hyperactivated hamster spermatozoa exhibit a planar motility pattern in contrast to hyperactivated spermatozoa which exhibit helical and circular motility patterns (Shivaji et al., 1995) . Thus, using the 'play back' and 'zoom' facility of the HTM-IVOS analyser, data were collected for 250-300 individual spermatozoa of each motility type and used subsequently to discriminate objectively the nonhyperactivated from the hyperactivated spermatozoa using the 'sort' function of the analyser. All spermatozoa with VSL Ͼ80 µm/s, STR Ͼ80% , LIN Ͼ50% and ALH Ͻ20 µm were considered to be nonhyperactivated since 98-100% of these spermatozoa exhibited planar motility. In contrast, all hyperactivated spermatozoa exhibiting circular or helical motility patterns had VSL Ͼ30 µm/s, STR Ͻ80%, LIN Ͻ50% and ALH Ͼ15 µm. The circular and helical types could be further differentiated only visually on the monitor (Shivaji et al., 1995) . Both the untreated and PF-treated spermatozoa were analysed at intervals of 0, 2, 3, 4, 5, 6, 7 and 8 h and the populations of spermatozoa exhibiting the three patterns of motility were expressed as percentage of total spermatozoa examined.
Assessment of acrosome reaction
Quantitative AR of spermatozoa was assessed in viable spermatozoa, by detecting the presence or absence of acrosomal cap under the light microscope at ϫ400. Viable spermatozoa were assessed by using vital stain Eosin Y (World Health Organization, 1992). Values were expressed as percentages of acrosome-reacted spermatozoa from a total number of viable spermatozoa counted. A minimum of 50 spermatozoa was scored for each time point in each treatment and the data presented in Figure 6 were from six different experiments.
Statistical analysis
Data from CASA observations were analysed using one-way analysis of variance (ANOVA), and the rest of the data were analysed by Student's t-test. Each value in Figures 1-6 is a mean Ϯ SEM from a minimum of six experiments.
Results
Sperm motility analysis: conventional method
The data of the conventional sperm motility assay are shown in Figures 1 and 2 . Treatment of 0.45 mM PF did not produce any marked change in the percentage of sperm motility when incubated in either media i.e., TALP-PVA or TLP-PVA, until 5 h (Figures 1a, 2a) . However, the quality of motility showed a consistent increase (P Ͻ 0.02) with time when spermatozoa were treated with PF in both TALP-PVA ( Figure 1b ) and TLP-PVA (Figure 2b ), the maximum values being achieved by 5 h. The quality scores of spermatozoa incubated with PF in TALP-PVA were consistently higher (P Ͻ 0.001) during the 2-6 h culture period ( Figure 1b ) and were also reflected (P Ͻ 0.001) by the SMI (Figure 1c) . A similar influence of PF was observed when spermatozoa were cultured in TLP-PVA and the difference was discernible by the third hour (Figure 2b ,c).
Sperm motility analysis: CASA method
Percentage of motile spermatozoa Spermatozoa incubated in TALP-PVA in the absence or presence of PF did not show any marked variation in mean percentages of motility during the 8 h culture period ( Figure  3a ). Spermatozoa incubated in TLP-PVA in the absence or presence of PF also did not show any marked decrease in mean percentages of motility during the 6 h culture period (Figure 4a ). The mean percentages of motility decreased from 94% (0 h) to 87% (6 h) in the presence of PF.
Average path velocity (VAP)
During the first 3 h culture period, both the untreated and PFtreated spermatozoa exhibited a rapid increase in VAP which decreased after 3 h (Figure 3b) . Moreover, at all time points (up to 4 h), PF-treated spermatozoa showed consistently higher VAP, compared to controls. The VAP of control spermatozoa at 0 h vs 3 h were 116 Ϯ 4.3 vs 195.7 Ϯ 7.4 µm/s. Statistically significant (P Ͻ 0.01) increase of VAP in PF-treated sample over control was observed at 0 h. Thereafter, until 4 h, there was increased VAP in PF-treated samples over control ( Figure  3b) . Similarly, the spermatozoa incubated in TLP-PVA without PF also showed an increase in VAP with time and the maximum value was observed at 3 h (Figure 4b ). VAP at 0 vs 3 h was 117 Ϯ 3.7 vs 177 Ϯ 9.0 µm/s. When spermatozoa were incubated in TLP-PVA in the presence of PF, there was a higher VAP with a statistically significant (P Ͻ 0.05) difference at 0 and 2 h (Figure 4b ).
Straight line velocity (VSL)
VSL of hamster spermatozoa incubated in TALP-PVA did not show any appreciable variation with time during the 8 h incubation (Figure 3c ). Upon PF treatment, there was an appreciable increase in VSL up to 4 h and the difference at 0 h was statistically significant (P Ͻ 0.05). VSL of control vs PF-treated samples at 0 h was 92 Ϯ 2.6 vs 104 Ϯ 4.7 µm/s, respectively. After 4 h, in the presence of PF, a decrease in VSL was observed and the values were similar to control (Figure 3c ) and, at the 6 h time point, a statistically significant (P Ͻ 0.05) decrease below the control value for VSL was observed. The VSL of spermatozoa incubated in TLP-PVA
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showed an initial decrease and later the values did not show appreciable variation (Figure 4c ). However, the VSL of spermatozoa in PF-containing TLP-PVA showed an initial significant (P Ͻ 0.01) increase over control up to 2 h (control vs PF: 102.7 Ϯ 3.3 vs 118.8 Ϯ 4.3 µm/s and 88.6 Ϯ 4.8 vs 111.8 Ϯ 5.4 µm/s at 0 h and 2 h, respectively). Subsequently, the values were comparable to control (Figure 4c ).
Curvilinear velocity (VCL)
A consistent increase in VCL was observed when spermatozoa were incubated in TALP-PVA (Figure 3d ). Maximum VCL was achieved at 3 h of incubation, and thereafter VCL gradually declined. VCL of spermatozoa at 0 h and 3 h were 181 Ϯ 9.4 and 361 Ϯ 12.1 µm/s, respectively. When spermatozoa were incubated in TALP-PVA containing PF, there was a statistically significant (P Ͻ 0.01-0.05) increase in VCL during 0-5 h (Figure 3d ). The spermatozoa incubated in TLP-PVA in the presence of PF also showed a consistent increase in VCL with time ( Figure 4d ). A significant (P Ͻ 0.01-0.05) increase in VCL was observed 0-5 h compared with the respective controls. The maximum VCL was attained at 2 h; VCL of spermatozoa at 0 vs 2 h were 220 Ϯ 11 vs 382 Ϯ 9.3 µm/s (Figure 4d ).
Amplitude of lateral head displacement (ALH)
ALH of spermatozoa incubated in TALP-PVA consistently increased with time and the maximum was attained at 4 h ( Figure 3e ). ALH of spermatozoa at 0 vs 4 h was 13.8 Ϯ 0.75 
Beat cross frequency (BCF)
BCF of spermatozoa incubated in TALP-PVA did not show any appreciable variation (range: 14.5-17.5) with time during the 8 h incubation period (Figure 3f ). However, when spermatozoa were incubated in TALP-PVA in the presence of PF, there was significantly (P Ͻ 0.05) higher BCF at 0 and 2 h of incubation compared with control; thereafter, BCF showed a gradual decrease (Figure 3f ). In contrast, the BCF of spermatozoa incubated in TLP-PVA either in the absence or presence of PF also failed to show much variation with time, the values being comparable throughout the 6 h incubation period (Figure 4f ).
Straightness (STR)
There was an appreciable decrease in STR of spermatozoa incubated in TALP-PVA with time ( Figure 3g) . A further decrease in STR was observed when spermatozoa were incubated in TALP-PVA containing PF. This decrease in STR was statistically significant at 0 h (P Ͻ 0.01) and also at 5 and 7 h (P Ͻ 0.05) (Figure 3g) . Similarly, the spermatozoa incubated in TLP-PVA also exhibited a decrease in STR (Figure 4g ). A significant (P Ͻ 0.05) reduction in STR was observed during 0-5 h with spermatozoa cultured in PFcontaining TLP-PVA compared to spermatozoa cultured in PF-free TLP-PVA (Figure 4g ).
Linearity (LIN)
LIN of spermatozoa incubated in TALP-PVA decreased with time ( Figure 3h ). Upon addition of PF, a further decrease in LIN was evident. However, the values were statistically significant (P Ͻ 0.01) only at 0 h (Figure 3h) . A similar decrease in LIN of spermatozoa was observed when incubated in TLP-PVA, and the decrease in LIN was more pronounced (P Ͻ 0.05) upon PF addition at 0, 2, 4 and 5 h (Figure 4h ). Figure 5 (a-h) shows the data related to the three patterns of motility, i.e. planar, helical and circular exhibited by hamster spermatozoa. Spermatozoa in a particular field of analysis were first discriminated into hyperactivated and non-hyperactivated spermatozoa using the sort parameters described in the Materials and methods. Subsequently, the hyperactivated spermatozoa were further separated into helical and circular by visually monitoring the same field. In both media, the proportion of spermatozoa exhibiting planar type of motility rapidly declined by 4 h and remained unchanged thereafter (Figure 5a,d ). This was associated with an increase in the proportion of spermatozoa exhibiting circular pattern of motility (Figure 5c,f) . In both media, the helical pattern of motility was predominant and PF significantly (P Ͻ 0.05) increased this pattern of motility right from the beginning of culture (Figure 5b,e) . When the proportion of spermatozoa exhibiting HA (helical plus circular) was analysed, there was a marked (P Ͻ 0.05) increase in the % hyperactivated spermatozoa in PF-treated samples as early as 2 h, regardless of the type of medium used (Figure 5g,h) .
Hyperactivation (HA)
Acrosome reaction
The percentages of acrosome-reacted spermatozoa increased with time when incubated in TALP-PVA without PF. The maximum % AR was observed at 4 h; the % AR at 2 vs 4 h was 34.9% Ϯ 1.1 vs 47.6% Ϯ 2.6 ( Figure 6 ). When spermatozoa were incubated in TALP-PVA in the presence of PF, there was a significant (P Ͻ 0.05) increase in % AR at the 2 and 4 h time points and the maximum value was achieved at 4 h of incubation (55.2% Ϯ 1.2); the percentage did not increase any further by 6 h. However, spermatozoa incubated in TLP-PVA in the absence of PF did not show any appreciable difference in AR rate with time. When spermatozoa were incubated in TLP-PVA in the presence of PF, the % AR dramatically (P Ͻ 0.001) increased 3-fold over control ( Figure  6 ), reaching maximum at 4 h (41.2% Ϯ 1.9). There were no appreciable differences in % AR between 4 and 6 h ( Figure 6 ).
Discussion
The present study shows that PF induces early (2 h) onset of capacitation and AR in spermatozoa of the golden hamster. The PF-treated spermatozoa exhibit marked improvements in key motility kinetic parameters that characterize a hyperactivated pattern of sperm motility as early as 2 h. Moreover, the PF-induced AR is independent of BSA, a known inducer of AR. Neither BSA nor PF influenced the percentages of motile spermatozoa, which remained virtually unchanged at least for 6 h regardless of whether the sperm suspensions were in TLP-PVA or TALP-PVA. The decrease in sperm motility after 6 h in the subjective method of evaluation (Figures 1a, 2a) was not observed in the HTM-IVOS analysis (Figures 3a and 4a) . This is because of the increased sensitivity of the IVOS analyser which also considers twitching type of sperm motility unlike the former method of evaluation. In contrast to motility, PF induced a marked improvement in the quality of motility, i.e. forward progressive motility (FPM) and hyperactivated motility (Figures 1b and 2b) . The improvement in the quality of motility was reflected in the SMI values, which were significantly higher in PF-treated samples compared to untreated controls when spermatozoa were cultured either in TLP-PVA or in TALP-PVA (Figures 1c and 2c) . In hamsters, when the spermatozoa reach proximal cauda epididymides, they acquire complete motility, characterized by good VSL, VAP and STR (Yeung et al., 1994) . Thus, the lack of increase in percentage of motile spermatozoa upon PF treatment in the present investigation is in agreement with the above observation.
Simultaneous assessment of the various motility parameters by CASA indicated an increase in VSL, VAP, VCL, ALH and BCF and a concomitant decrease in STR and LIN of spermatozoa in the presence of PF in both media tested. These changes in motility parameters, in particular VCL, BCF and ALH, are similar to changes observed in spermatozoa following hyperactivation (Shivaji et al., 1995) . Hamster cauda epididymal spermatozoa initially exhibit a linear pattern of motility along curved trajectories, characteristic of uncapacitated spermatozoa (Girija Devi and Shivaji, 1994) . But, during capacitation, when spermatozoa are hyperactivated, they exhibit either a circular or a helical pattern of motility and both these types of hyperactivated spermatozoa have increased VCL and ALH and decreased LIN and STR (Shivaji et al., 1995) . Furthermore, the hyperactivated spermatozoa exhibiting helical motility also show an increase in VAP and VSL. Since, in the present study, PF increased VSL, VAP, VCL and ALH and decreased STR and LIN by 2 h, it would appear that PF was increasing the percentage of hyperactivated spermatozoa at an earlier time point, i.e. 1-2 h. This is further confirmed by the observation that a majority of the spermatozoa showed capacitated helical motility (53%) pattern at 2 h of incubation ( Figure 5 ). However, hyperactivation of spermatozoa with circular motility, as described earlier (Shivaji et al., 1995) , was also observed and this was the predominant type at and after 4 h of incubation in TALP-PVA in the absence of PF, whereas the helical hyperactivated pattern of motility was the predominant type either in TALP-PVA or TLP-PVA in the presence of PF. As anticipated, at this time point and later, VAP and VSL decreased. The increase in ALH is responsible for the increased VCL, and the increased BCF may complement this action by making the movements faster (Lewis et al., 1993) .
Though the present investigation did not include motility kinematics at time points between 0 and 2 h, it appears that spermatozoa treated with PF in TALP-PVA and TLP-PVA show an early occurrence of capacitation. The overall motility kinetic changes of PF-treated spermatozoa are similar to those known to be characteristic of hyperactivated hamster spermatozoa (Shivaji et al., 1995) . Hence, it can be postulated that the PF-mediated increase in the rate of fertilization observed in our earlier study (Rupasri et al., 1995) could be due to its ability to support (early) hyperactivation of spermatozoa.
Pentoxifylline treatment increased the VSL of hamster spermatozoa. This is in contrast to the observation made by Lewis et al. (1993) that PF did not affect the VSL of human spermatozoa and that VSL had no effect on PF-induced 2198 increase in the fertilization rate (Lewis et al., 1993) . On the other hand, Tucker et al. (1991) reported that high fertilization rate is associated with fast VSL.
The capacitation and the motility kinematics of spermatozoa in the protein-free medium, i.e. TLP-PVA, is interesting, compared with the patterns observed for spermatozoa in the protein-containing medium, i.e. TALP-PVA. In both media, spermatozoa exhibited linear progressive motility at the beginning of culture, showing the non-capacitated pattern of motility. Spermatozoa acquired a capacitated helical pattern of motility within 2 h. During subsequent incubations, spermatozoa exhibited a circular pattern of motility. Except BCF, other motility kinetic parameters followed a similar pattern with the spermatozoa incubated in the BSA-containing medium. The exact reason for the unaltered BCF exhibited by the spermatozoa incubated in BSA-free medium in the presence or absence of PF remains unclear.
The PF-induced AR was similar in magnitude to that observed with the BSA-induced AR (i.e. in PF free-TALP-PVA medium). Thus, it would appear that BSA could be substituted by PF so as to facilitate AR. But the exact mechanism(s) by which PF induces AR remains to be elucidated in hamster spermatozoa. Considering that PF is a phosphodiesterase inhibitor, an increase in the intracellular cAMP could directly or indirectly influence physiological maturation of spermatozoa including AR (Fraser, 1981; Stein and Fraser, 1984; Fraser and Ahuja, 1988; Lewis et al., 1993; Yanagimachi, 1994) . Elevated concentrations of cAMP activate cAMPdependent protein kinases which influence membrane protein phosphorylation and hence changes in membrane fluidity and ion permeability (Yanagimachi, 1994) . Additional signal transduction mechanisms involving the intracellular increase in calcium due to phospholipase C activation and their downstream events (such as activation of protein kinase C and phospholipase A2) could also be playing a crucial role in PFinduced AR (Yanagimachi, 1994; Brucker and Lipford, 1995) . These mechanisms remain to be investigated in hamster spermatozoa.
Improved fertilizability of PF-treated spermatozoa from normo-and oligozoospermic men has been observed (Yovich, 1993) and this fact is being used vigorously in assisted reproductive technology with considerable success (Rizk et al., 1995; Tarlatzis et al., 1995; Negri et al., 1996) . Treatment of spermatozoa with exogenous permeable analogue of cAMP also can accelerate capacitation and improve fertilization of oocytes (Fraser, 1981; Stein and Fraser, 1984; Fraser and Ahuja, 1988) . These observations are consistent with that of PF-enhanced sperm capacitation and fertilization of hamster oocytes in vitro (Rupasri et al., 1995) . The data presented here with the hamster spermatozoa clearly show that PF induces early onset (by 2 h) of hyperactivation and AR and increases the proportion of hamster spermatozoa undergoing physiological maturation. In view of the potential teratogenic effect and poor hydrosolubility/permeability of cAMP analogues and the encouraging data on the use of PF on rodent spermatozoa, it is desirable to exploit the feasibility of using PF as an acceptable sperm motility stimulant in the management of male factor infertility.
